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DIAGNOSTIC DEVICE INCLUDING A 
METHOD AND APPARATUS FOR BIO 
POTENTIAL NOISE CANCELLATION 

UTILIZING THE PATIENT’S RESPIRATORY 
SIGNAL 

BACKGROUND OF INVENTION 

The present invention relates to noise cancellation, and 
more particularly, to techniques for canceling noise in a 
bio-potential signal caused by a patient’s respiration. 
A bio-potential signal is any electrical signal measured 

from the human body. An array of sensors (also commonly 
called transducers) are typically connected to the patient to 
acquire measurements of such signals. Typical examples of 
bio-potential signals include an electrocardiogram (ECG), 
an electroencephalogram (EEG), and an electromyogram 
(EMG). An ECG (also knoWn as EKG) is a record of the 
electrical activity of the heart as recorded by an electrocar 
diograph. An EEG is a record of the electrical activity of the 
brain as recorded by an electroencepalograph. An EMG is a 
record of the electrical activity of muscle as recorded by an 
electromyograph. 
When a bio-potential signal is acquired from a patient, the 

measured signal typically is representative of not only the 
desired electrical activity, but also additive electrical noise 
introduced by other systems. Bio-potential signals are intrin 
sically of loW poWer and hence susceptible to electrical 
interference. A patient’s respiratory system is one example 
of a system that may introduce additive electrical noise. 
Respiration causes variability in bio-potential signals pri 
marily due to the changes in the geometry of the chest and 
tilting of the heart during lung or pulmonary function. 
Electrical noise associated With the respiration of a patient 
can overlap or combine With the electrical activity of a 
bio-potential signal. The resultant acquired signal contains 
bio-potential signal content that is indistinguishable from the 
noise content. 

When an acquired bio-potential signal includes electrical 
noise introduced by other systems, the acquired signal is 
knoWn as a noisy bio-potential signal. Typically, in order for 
the noisy bio-potential signal to have medical signi?cance it 
must be ?ltered to remove the additive electrical noise. A 
bio-potential signal that has been ?ltered is knoWn as a clean 
bio-potential signal. Clean bio-potential signals have vary 
ing degrees of cleanliness depending upon What type of 
?ltering is utiliZed. The type of ?ltering utiliZed often 
depends upon the end use of the clean bio-potential signal 
and the degree of accuracy required by that end use. 

SUMMARY OF INVENTION 

Monitoring devices generally have loWer accuracy 
requirements than diagnostic devices. Monitoring devices 
can therefore use ?lters that are less expensive and less 
complex than the ?lters required on devices With higher 
accuracy requirements. An ECG monitor is one example of 
a monitoring device that uses analog and digital ?ltering 
technology to output a “clean” bio-potential signal. 
Although the output signal is adequate for the purposes of 
monitoring, the signal is largely time delayed and the signal 
invariably has an appreciable amount of the desired fre 
quency content removed. This type of output is unacceptable 
for many diagnostic devices. 

The diagnostic quality of a bio-potential signal may be 
reduced depending upon the frequency content removed and 
the amount of time delay introduced during ?ltering. Diag 
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2 
nostic applications typically require very accurate, mini 
mally time delayed data. A magnetic resonance imaging 
(MRI) device is one example of a device that requires very 
accurate, minimally time delayed bio-potential signals that 
contain an appreciable amount of the desired frequency 
content. If the bio-potential signal is largely time delayed, or 
has an appreciable amount of the desired frequency content 
removed, the bio-potential signal may not be as useful as a 
diagnostic tool. The desired frequency content is all, and 
only all, of the frequency content of the signal of interest. 
The measured signal includes additional frequency content 
(i.e., frequency content due to noise) that is removed accord 
ing to the invention leaving only the desired frequency 
content. Generally, analog and digital ?lters remove the 
additional frequency content and frequency content of the 
signal of interest, resulting in a signal that has reduced 
quality as a diagnostic tool. 

Cardiac and cardiovascular imaging using MRI tech 
niques is frequently utiliZed because of the advantages MRI 
has over other imaging techniques that typically employ 
radiation, such as X-rays. HoWever, for cardiac studies, the 
subject is often required to remain Within the MRI device for 
a duration of up to sixty minutes. Frequently, certain bio 
potential signals, most notably the ECG signal, are measured 
during an MRI scan. Measurement of bio-potential signals 
may be required not only to monitor and diagnose the status 
of critically ill patients using various types of monitoring 
and diagnostic medical equipment, but measurement may 
also be required to synchroniZe the acquisition of MRI data 
With certain physiological phenomena such as the beating of 
the heart When using medical imaging devices. This syn 
chroniZation is knoWn as triggering. When an ECG signal is 
utiliZed, a threshold detector is set to output an actuation 
signal When the peak of the QRS complex is detected. When 
a noisy ECG signal is utiliZed, it is dif?cult to set the 
threshold at a level that Will output an actuation signal for all 
(but only all) peaks of the QRS complexes. If the threshold 
is set too high it may cause peaks of the QRS complexes to 
be missed, if the threshold is set too loW other parts of the 
ECG signal Will be detected by the threshold detector and a 
false trigger may result. Another problem associated With 
attempting to trigger off a noisy ECG signal is the introduc 
tion of time-Wise inaccuracies, or jitter, in the detection of 
the peaks of the QRS complexes. 

Accordingly, the invention provides a diagnostic medical 
imaging device including an adaptive ?lter noise canceler to 
reduce the electrical noise associated With the patient’s 
respiration and the like in loW poWered bio-potential signals. 
The adaptive ?lter noise canceler includes an adaptive ?lter 
unit having a noise reference input for receiving a noise 
reference signal associated With the patient’s respiration, a 
clean bio-potential input for receiving a clean bio-potential 
signal, and a ?ltered noise reference output for outputting a 
?ltered noise reference signal. The adaptive ?lter noise 
canceler also includes a summing node having a noisy 
bio-potential input for receiving a noisy bio-potential signal, 
a ?ltered noise reference input for receiving the ?ltered 
noise reference signal, and a clean bio-potential output for 
outputting the clean bio-potential signal. The adaptive ?lter 
noise canceler also includes a feed-back loop that electri 
cally couples the clean bio-potential output and the clean 
bio-potential input, and a feed-forWard loop that electrically 
couples the ?ltered noise reference output and the ?ltered 
noise reference input. 

In one embodiment of the invention, the noise reference 
signal is produced from the electrical signal generated by a 
belloWs transducer connected to the patient’s chest. The 
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electrical signal corresponds to the extension or de?ection of 
the patient’s chest and therefore is associated With the 
patients respiration. 

In another embodiment of the invention, the noise refer 
ence signal is produced from the electrical signal generated 
by an array of sensors connected to the patient using a 
number of generally knoWn methods to measure the elec 
trical noise caused by the patient’s respiration (e.g., tran 
sthoracic impedance). The electrical noised is caused by the 
patient’s respiration and is therefore inherently associated 
With the patients respiration. 

It is an advantage of the invention to permit the continu 
ous acquisition of loW poWer bio-potential signals in the 
presence of varying values of electrical noise associated 
With the patient’s respiration. The subtraction of a ?ltered 
noise reference signal from the noisy bio-potential signal 
effectively reduces the additive electrical noise associated 
With the patient’s respiration and produces the clean bio 
potential signal. The continuous adjustment of ?lter coef? 
cients for the adaptive ?lter unit accommodates changes in 
the value of electrical noise associated With the patient’s 
respiration. 

The electrical noise associated With the patient’s respira 
tion is removed from the noisy bio-potential signal With only 
minimal alteration of the desired frequency content of the 
bio-potential signal. Additionally, the additive electrical 
noise associated With the patient’s respiration is removed 
With only minimal time delay to alloW for the use of the 
clean bio-potential signal for, among other things, triggering 
diagnostic medical imaging devices such as an MRI. 

These features as Well as other advantages of the inven 
tion Will become apparent upon consideration of the folloW 
ing detailed description and accompanying draWings of the 
embodiments of the invention described beloW. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an illustration of an MRI device embodying the 
invention. 

FIG. 2 is a schematic illustration of an adaptive ?lter noise 
canceler for the MRI device illustrated in FIG. 1. 

FIG. 3 is a schematic illustration of an adaptive ?lter unit 
in the adaptive ?lter noise canceler shoWn in FIG. 2. 

FIG. 4 is a graphical illustration of a noise reference 
signal associated With a patient’s respiration. 

FIG. 5 is a graphical illustration of a ?ltered noise 
reference signal of FIG. 4. 

FIG. 6 is a graphical illustration of the noisy bio-potential 
(ECG) signal before noise cancellation. 

FIG. 7 is a graphical illustration of the clean bio-potential 
(ECG) signal after noise cancellation. 

DETAILED DESCRIPTION 

Before one embodiment of the invention is explained in 
full detail, it is to be understood that the invention is not 
limited in its application to the details of construction and 
the arrangement of components set forth in the folloWing 
description or illustrated in the folloWing draWings. The 
invention is capable of other embodiments and of being 
practiced or of being carried out in various Ways. Also, it is 
to be understood that the phraseology and terminology used 
herein is for the purpose of description and should not be 
regarded as limiting. The use of including and comprising 
and variations thereof herein is meant to encompass the 
items listed thereafter and equivalents thereof as Well as 
additional items. 
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4 
FIG. 1 illustrates an MRI device 10 embodying the 

invention. The MRI device 10 is similar to those generally 
knoWn in the art. The MRI device 10 includes a signal 
processor 12 having a preconditioning unit 14 and an 
adaptive ?lter noise canceler 16 connected thereto. Apatient 
18 is connected to an array of transducers 20 (including 20a 
and 20b) that are electrically connected to the precondition 
ing unit 14 of the signal processor 12 by ?exible leads 22. 
The signals acquired from the patient using the transducers 
20 may be preconditioned using any generally knoWn tech 
niques. The preconditioning unit 14 may include, among 
other things, an ampli?er (not shoWn) to adjust the ampli 
tude of the signals to magnitudes appropriate for use, a ?lter 
(not shoWn) to eliminate noise signals outside the bandWidth 
of the acquired signals, and a high speed A/D converter (not 
shoWn) to provide digital signals for input to the adaptive 
?lter noise canceler 16. As shoWn in FIG. 2, the adaptive 
?lter noise canceler 16 includes an adaptive ?lter unit 32 
having a noise reference input 34 for receiving a noise 
reference signal NR associated With the patient’s 18 
respiration, a clean bio-potential input 36 for receiving a 
clean bio-potential signal CB, and a ?ltered noise reference 
output 38 for outputting the ?ltered noise reference signal 
FNR. The adaptive ?lter noise canceler 16 also includes a 
summing node 40 having a noisy bio-potential input 42 for 
receiving a noisy bio-potential signal NB, a ?ltered noise 
reference input 44 for receiving the ?ltered noise reference 
signal FNR, and a clean bio-potential output 46 for output 
ting the clean bio-potential signal CB. The adaptive ?lter 
noise canceler 16 also includes a feed-back loop 48 that 
electrically couples the clean bio-potential output 46 and the 
clean bio-potential input 36, and a feed-forWard loop 50 that 
electrically couples the ?ltered noise reference output 38 and 
the ?ltered noise reference input 44. 
The adaptive ?lter unit 32 is further illustrated in FIG. 3. 

The adaptive ?lter unit 32 modi?es the noise reference 
signal NR associated With the patient’s 18 respiration so that 
it matches an additive electrical noise AEN component of 
the noisy bio-potential signal NB caused by the patient’s 18 
respiration. The noisy bio-potential signal NB includes the 
summation of the clean bio-potential signal CB and the 
additive electrical noise AEN that is overlapped or combed 
With the clean bio-potential signal CB. The noise reference 
signal NR is typically modi?ed by adjusting the amplitude 
and time delaying the signal to synchroniZe it With the noisy 
bio-potential signal NB. The noise reference signal NR is 
generally out of phase With the noisy bio-potential signal NB 
because the noise reference signal NR is measured With a 
transducer 20a located in a different location than the 
location Where a transducer 20b used to measure the noisy 
bio-potential signal NB is located. Placement of the trans 
ducers 20 on the patient 18 in different locations leads to 
different times of propagation for the signals and therefore 
the measured signals are out of phase With respect to each 
other. Similarly, measurement of the noise reference signal 
NR results in the amplitude of the noise reference signal NR 
generally requiring adjustment of the amplitude to match it 
to the additive electrical noise AEN component of the noisy 
bio-potential signal NB. 

The adaptive ?lter unit 32 has ?lter coef?cients H(N), 
Where N ranges from 0 to N-1, that are continually adjusted 
by a coef?cient correction unit 52 that is electrically coupled 
to the clean bio-potential input 36. The clean bio-potential 
signal CB is utiliZed to adjust the ?lter coef?cients H(N) for 
the next sample of the noise reference signal NR. The 
continuous adjustment of the ?lter coef?cients H(N) accom 
modates changes in the value of the additive electrical noise 
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AEN present in the noisy bio-potential signal NB. The ?lter 
coef?cients H(N) are also adjusted so as to minimize any 
noise in the ?ltered noise reference signal FNR associated 
With the adaptive ?lter unit 32. The ?ltered noise reference 
signal FNR preferably is substantially similar to the additive 
electrical noise AEN component of the noisy bio-potential 
signal NB (i.e., the additive electrical noise AEN is the 
additional frequency content of the measured noisy bio 
potential signal NB that is removed to obtain only the 
desired frequency content). 

In one embodiment of the present invention, the adaptive 
?lter unit 32 compiles a noise vector NV comprised of a 
current sample U(T) of the noise reference signal NR and 
N-1 previous samples of the noise reference signal NR 
taken at intervals dictated by the Nyquist sampling theorem. 
Each sample is designated U(T-N) Where N ranges from 0 
to N-1, therefore, the current sample is designated U(T) and 
the oldest sample in use is designated U(T—N+ 1). With each 
neW sample U(T), the oldest sample is discarded so that the 
noise vector comprises the most recent N samples on a 
rolling basis. Each neW sample U(T) is input into the 
adaptive ?lter unit 32 at the noise reference input 34. In the 
present embodiment, the noise reference signal NR is 
sampled at HZ by the high speed A/D converter (not shoWn) 
and the number of samples, N, is equal to 64. The noisy 
bio-potential signal NB is similarly sampled. As Will be 
apparent from this description to one of ordinary skill in the 
art, other sampling rates and numbers of samples may be 
used subject to the general guidelines that more samples and 
a higher sampling frequency Will provide better ?ltering and 
more accurate representation of the signal but Will require 
faster processing hardWare. 

Each of the samples of the noise vector NV is Weighted 
by a ?lter coef?cient designated H(N) Where N ranges from 
0 to N-1 (N corresponds to the N samples of the noise vector 
NV). Some samples are Weighted more heavily than other 
samples. The Weighting process multiplies each sample 
U(T-N) of the noise vector NV by a corresponding ?lter 
coef?cient The results of these multiplications are 
summed, as indicated by the summing node 54, to produce 
the ?ltered noise reference signal FNR that is output from 
the adaptive ?lter unit 32 at the ?ltered noise reference 
output 38. 

The adaptive ?lter unit 32 described above is just one 
eXample of adaptive ?ltering technology that can be used to 
modify the noise reference signal NR to produce the ?ltered 
noise reference signal FNR that is substantially similar to the 
additive electrical noise AEN component of the noisy bio 
potential signal NB. Any of the commonly knoWn types of 
adaptive ?lters, including but not limited to ?nite impulse 
response (e. g., least mean square and recursive least square), 
in?nite impulse response, and adaptive lattice ?lters may be 
used. The most important aspect of the adaptive ?ltering 
technology utiliZed is that it ?lters With only minimal time 
delay and does not remove an appreciable amount of the 
desired frequency content of the signal. 

In operation, the patient 18 is connected to the array of 
transducers 20 that is connected to the patient 18 to acquire 
measurements of the noisy bio-potential signal NB and the 
noise reference signal NR. The transducers 20a, such as 
electrodes, may be utiliZed to measure the noisy bio 
potential signal NB. In a preferred embodiment, the trans 
ducers 20a measure a noisy ECG using commonly practiced 
techniques. Also in a preferred embodiment, the transducer 
20b, such as a belloWs, may be utiliZed to measure the 
extension or de?ection of the chest Wall and to produce the 
noise reference signal NR associated With the patient’s 18 
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6 
respiration. Other commonly knoWn methods of measuring 
electrical noise caused by the patient’s 18 respiration may be 
used, although in the preferred embodiment of an MRI 
device 10, it is desirable to use mechanical type transducers 
20 to measure the noise reference signal NR. The noisy 
bio-potential signal NB and the noise reference signal NR 
acquired from the patient 18 may be preconditioned in the 
preconditioning unit 14, as discussed above, before they are 
fed into the noisy bio-potential input 42 and the noise 
reference input 34. 
The noise reference signal NR graphically illustrated in 

FIG. 4 is fed into noise reference input 34 of the adaptive 
?lter unit 32. The current sample of the noise reference 
signal NR becomes sample U(T) of the noise vector NV and 
all previous samples are shifted one location to the right (as 
illustrated in FIG. 3) With the oldest sample no longer being 
used. Each ?lter coef?cient H(N) is adjusted by the coef? 
cient correction unit 52 according to the clean bio-potential 
signal CB that Was simultaneously acquired With the previ 
ous sample U(T-1) of the noise reference signal NR. The 
samples U(T-N) of the noise vector NV are multiplied by 
the corresponding Weighted ?lter coef?cient H(N) of the 
adaptive ?lter unit 32. The results of these multiplications 
are summed using summing node 54. The summing node 54 
may be either a circuit-based node or a softWare based node. 
The summing node 54 outputs the ?ltered noise reference 
signal FNR. FIG. 5 is a graphical illustration of a ?ltered 
noise reference signal FNR. As illustrated, the ?ltered noise 
reference signal FNR is in phase With the noisy bio-potential 
signal NB graphically illustrated in FIG. 6. The ?ltered noise 
reference signal FNR has a varying magnitude that corre 
sponds to the changing value of electrical noise caused by 
the patient’s 18 respiration as measured by the transducers 
20a. It is this varying magnitude that causes the amplitudes 
of the peaks of the QRS compleXes to vary, and thereby 
make setting a threshold level to trigger off the peaks of the 
QRS compleXes dif?cult. The dotted line of FIG. 6 illustrates 
that the variation in amplitudes of the peaks of the QRS 
complexes is directly related to the additive electrical noise 
AEN. Note that some amplitudes are larger than they should 
be and some amplitudes are smaller than they should be. 

The noisy bio-potential signal NB is fed into the noisy 
bio-potential input 42 of the adaptive ?lter noise canceler 16. 
The summing node 40 may be either a circuit-based node or 
a softWare based node. The summing node 40 produces the 
clean bio-potential signal CB by subtracting the magnitude 
of the ?ltered noise reference signal FNR from the magni 
tude of the noisy bio-potential signal NB. Because the 
?ltered noise reference signal FNR is substantially similar to 
the additive electrical noise AEN component of the noisy 
bio-potential signal NB, the resultant signal is the clean 
bio-potential signal, or the bio-potential signal actually 
produced by the system of interest (e.g., the heart) Without 
noise caused by the patient’s 18 respiration (other types of 
additive noise may still be present in the clean bio-potential 
signal CB). The output of the summing node 40 is the output 
from the adaptive noise canceler 16. The output is the clean 
bio-potential signal CB. As discussed above, the clean 
bio-potential signal CB is also utiliZed by the coef?cient 
correction unit 52 as an error signal to correct the ?lter 
coef?cients H(N) of the adaptive ?ler unit 32. The clean 
bio-potential signal CB (error signal) is fed through the 
feed-back loop 48 to the clean bio-potential input 36 of the 
adaptive ?lter unit 32. 
The clean bio-potential signal CB that is the output of the 

adaptive ?lter noise canceler 16 may be utiliZed to trigger a 
diagnostic medical imaging device. In a preferred 
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embodiment, the diagnostic medical imaging device is an 
MRI device 10. However, other modalities of diagnostic 
medical imaging devices that require accurate minimal time 
delay clean bio-potential signals CB may equally bene?t 
from use of the adaptive ?lter noise canceler 16. The clean 
bio-potential signal CB illustrated graphically in FIG. 7 has 
QRS complexes With peaks having constant amplitudes. It is 
much easier to establish a threshold level that triggers on all 
(but only all) peaks of the QRS complexes When the 
amplitudes all have the same magnitude. 

The use of ?ltering technology that modi?es the clean 
bio-potential signal CB by introducing a larger time delay or 
by removing an appreciable amount of the desired frequency 
content is not desirable for use in diagnostic medical imag 
ing devices such as MRI devices 10. Introduction of a larger 
time delay results in the acquisition of an image that is 
delayed in time relative to the actual physical event gener 
ating the bio-potential signal. When the clean bio-potential 
signal CB is time delayed, the triggering off the clean 
bio-potential signal CB is time delayed and therefore the 
acquisition of the image is delayed and uncertainty of the 
trigger (i.e., jitter) may result. For diagnostic applications it 
is desirable to have all data acquired (image, bio-potential 
signal, etc.) synchroniZed so the physician analyZing the 
data is able to accurately interpret the physical event of 
interest. Removal of an appreciable amount of the desired 
frequency content from a clean bio-potential signal CB may 
result in missed triggers When the diagnostic medical imag 
ing device is triggering off the clean bio-potential signal CB. 
Missed triggers similarly result in a decreased ability of the 
physician analyZing the data representing the physical event 
of interest to accurately diagnose the patient’s problem and 
a loss in image quality. In a preferred embodiment, the clean 
bio-potential signal CB includes as much of the desired 
frequency content, and is as close to being delivered in 
real-time as adaptive ?ltering technology alloWs. 

Various features and advantages of the invention are set 
forth in the folloWing claims. 
What is claimed is: 
1. A diagnostic medical imaging device including a signal 

processor for removing additive electrical noise caused by a 
patient’s respiration from a noisy bio-potential signal, the 
diagnostic medical imaging device comprising: 

an adaptive ?lter unit having a noise reference input for 
receiving a noise reference signal associated With the 
patient’s respiration, a clean bio-potential input for 
receiving a clean bio-potential signal, and a ?ltered 
noise reference output for outputting a ?ltered noise 
reference signal; 

a summing node having a noisy bio-potential input for 
receiving the noisy bio-potential signal, a ?ltered noise 
reference input for receiving the ?ltered noise reference 
signal, and a clean bio-potential output for outputting 
the clean bio-potential signal; 

a feed-back loop that electrically couples the clean bio 
potential output and the clean bio-potential input; and 

a feed-forWard loop that electrically couples the ?ltered 
noise reference output and the input for receiving the 
?ltered noise reference signal. 

2. The diagnostic medical imaging device of claim 1 
Wherein the diagnostic medical imaging device is an MRI 
device. 

3. The diagnostic medical imaging device of claim 1 
Wherein the adaptive ?lter unit further includes adjustable 
?lter coef?cients. 

4. The diagnostic medical imaging device of claim 3 
Wherein the adaptive ?lter unit further includes a coef?cient 
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correction unit electrically coupled to the clean bio-potential 
input, and Wherein the coef?cient correction unit adjusts the 
?lter coef?cients using the clean bio-potential signal. 

5. The diagnostic medical imaging device of claim 1 
Wherein the content of the ?ltered noise reference signal is 
substantially similar to the additive electrical noise. 

6. The diagnostic medical imaging device of claim 1 
Wherein the summing node subtracts the magnitude of the 
?ltered noise reference signal from the magnitude of the 
noisy bio-potential signal. 

7. The diagnostic medical imaging device of claim 1 
Wherein the adaptive ?lter unit is an in?nite impulse 
response adaptive ?lter. 

8. The diagnostic medical imaging device of claim 1 
Wherein the adaptive ?lter unit is a ?nite impulse response 
adaptive ?lter. 

9. The diagnostic medical imaging device of claim 8 
Wherein the ?nite impulse response adaptive ?lter is a least 
mean square ?nite impulse response adaptive ?lter. 

10. The diagnostic medical imaging device of claim 8 
Wherein the ?nite impulse response adaptive ?lter is a 
recursive least square ?nite impulse response adaptive ?lter. 

11. The diagnostic medical imaging device of claim 1 
Wherein the signal processor utiliZes the clean bio-potential 
signal to trigger an acquisition of an image byte diagnostic 
medical imaging device. 

12. In a diagnostic medical imaging device, a method of 
removing an additive electrical noise component of a noisy 
bio-potential signal caused by a patient’s respiration from 
the noisy bio-potential signal, the method comprising the 
steps of: 

sampling the noisy bio-potential signal; 
sampling a noise reference signal associated With the 

patient’s respiration; 
?ltering the noise reference signal With only minimal time 

delay to produce a ?ltered noise reference signal; 
subtracting the magnitude of ?ltered noise reference sig 

nal from the magnitude of the noisy bio-potential 
signal; 

outputting a clean bio-potential signal; and 
triggering the diagnostic medical imaging device on the 

clean bio-potential signal to generate an image. 
13. The method of claim 12 Wherein the subtracting act 

includes the ?ltered noise reference signal having content 
substantially similar to the additive electrical noise. 

14. The method of claim 12 Wherein the ?ltering act 
comprises time delaying the noise reference signal to syn 
chroniZe the noise reference signal and the noisy bio 
potential signal. 

15. The method of claim 12 further comprising the act of 
preconditioning the noise reference signal, Wherein the 
preconditioning act includes matching the amplitude of the 
noise reference signal to the amplitude of the additive 
electrical noise. 

16. The method of claim 12 Wherein the ?ltering act 
further comprises the act of adjusting ?lter coef?cients using 
the clean bio-potential signal. 

17. The method of claim 12 Wherein the sampling of the 
noise reference signal act comprises attaching a mechanical 
type transducer to the patient’s chest to measure the noise 
reference signal. 

18. The method of claim 17 Wherein the mechanical type 
transducer is a belloWs. 

19. A signal processor for removing electrical noise 
caused by a patient’s respiration from a noisy bio-potential 
signal, the signal processor comprising: 
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an adaptive ?lter unit having a noise reference input for 
receiving a noise reference signal associated With the 
patient’s respiration, a clean bio-potential input for 
receiving a clean bio-potential signal, and a ?ltered 
noise reference output for outputting a ?ltered noise 
reference signal; 

a summing node having a noisy bio-potential input for 
receiving the noisy bio-potential signal, a ?ltered noise 
reference input for receiving the ?ltered noise reference 
signal, and a clean bio-potential output for outputting 
the clean bio-potential signal; 

a feed-back loop that electrically couples the clean bio 
potential output and the clean bio-potential input; and 

a feed-forWard loop that electrically couples the ?ltered 
noise reference output and the input for receiving the 
?ltered noise reference signal. 

20. The signal processor of claim 19 Wherein the adaptive 
?lter unit further includes adjustable ?lter coef?cients. 

21. The signal processor of claim 20 Wherein the adaptive 
?lter unit further includes a coef?cient connection unit 
electrically coupled to the clean bio-potential input, and 
Wherein the coef?cient correction unit adjusts the ?lter 
coef?cients using the clean bio-potential signal. 
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22. The signal processor of claim 19 Wherein the content 

of the ?ltered noise reference signal is substantially similar 
to the additive electrical noise. 

23. The signal processor of claim 19 Wherein the surn 
rning node subtracts the magnitude of the ?ltered noise 
reference signal from the magnitude of the noisy bio 
potential signal. 

24. The signal processor of claim 19 Wherein the adaptive 
?lter unit is an in?nite impulse response adaptive ?lter. 

25. The signal processor of claim 19 Wherein the adaptive 
?lter unit is a ?nite impulse response adaptive ?lter. 

26. The signal processor of claim 25 Wherein the ?nite 
impulse response adaptive ?lter is a least mean square ?nite 
impulse response adaptive ?lter. 

27. The signal processor of claim 25 Wherein the ?nite 
impulse response adaptive ?lter is a recursive least square 
?nite impulse response adaptive ?lter. 

28. The signal processor of claim 19 Wherein the signal 
processor is coupled to a diagnostic medical imaging device, 
Wherein the signal processor utiliZes the clean bio-potential 
signal to trigger an acquisition of an image by the diagnostic 
medical imaging device. 

* * * * * 
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